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Abstract 25
Cooperia oncophora is one of the most common intestinal nematodes in 26 cattle. It is also the dose-limiting species for the most frequently used 27 anthelmintics, and consequently, the species usually involved in reports of 28 anthelmintic resistance. However, little information is available on its population 29 dynamics, hindering the parameterisation of transmission models to support 30 understanding of the impact of anthelmintic resistance, climate change and 31 alternative control strategies on nematode epidemiology. This systematic review 32 and meta-analysis provides estimates for key life history traits of the parasitic 33 phase of C. oncophora and investigates potential influences of acquired immunity 34 on these traits. 
Short communication 51
Mathematical models that simulate transmission dynamics of gastro-52 intestinal nematode infections have already been around for several decades in 53 the field of veterinary parasitology (e.g. Gordon et al., 1970; Gettinby et al. 1979 ; 54 Grenfell et al., 1987 ; Barnes and Dobson, 1990) . Given the variety of factors 55 influencing gastro-intestinal nematode infections (e.g. climate, parasite-host 56 interactions) such models can be essential tools to represent and manipulate 57 such systems in ways that would not be possible or practical in the field (Scott 58 and Smith, 1994 this nematode species has been developed yet. Moreover, little information is 79 available on the population dynamics of C. oncophora, which is crucial for the 80 development and parameterisation of specific nematode transmission models. 81
Here, we provide the results of a systematic review and meta-analysis that 82 quantifies the main life history traits of the parasitic phase of C. oncophora and 83
investigates potential influences of immunity on these traits. 84
The four life history traits of the parasitic phase of C. oncophora addressed 85 were: (1) the pre-adult mortality, (2) the adult mortality, (3) the hypobiosis 86 factor and (4) the female fecundity. The pre-adult and adult mortality are 87 respectively defined as the instantaneous daily per capita death rate of pre-adult 88 and adult stages, loosely interpreted as the proportion that die per day. The 89 hypobiosis factor is defined as the proportion of ingested larvae that enters 90 arrested development, and the female fecundity represents the number of eggs 91 produced by a female worm each day. The search strategy and eligibility criteria 92 used to perform the systematic review were the same as those described by 93 The average (95% confidence interval (CI)) daily pre-adult mortality was 131 0.044 (0.037-0.052) ( Table 1 ). This pre-adult mortality was positively 132 associated with the infection dose administered to the animals (P= 0.022). The 133 full mixed effects model (0.036 (±0.005) + infection dose x 0.104 x 10 -6 (±0.045 x 134 10 -6 )) explained 20% of the total amount of heterogeneity in the dataset used to 135 estimate pre-adult mortality. The average (95% CI) daily adult mortality was 136 0.039 (0.031-0.048) ( Table 1) and was not significantly associated with any of 137 the tested moderator variables. An average (95% CI) hypobiosis factor of 0.007 138 (0.004-0.011) was computed ( Table 1 ). The proportion of ingested larvae 139 entering hypobiosis was not significantly affected by any of the tested moderator 140 variables. The average (95% CI) proportion of C. oncophora females found in the 141 small intestine of the animals was 0.534 (0.494-0.573). The average female 142 fecundity (95% CI) was 2744 (1146-4342) eggs per female per day (Table 1) . 143
The female fecundity was negatively correlated with infection dose (P = 0.033). 144
The full mixed effects model (4000 (±952) -infection dose x 0.016 (±0.008)) 145 explained 25% of the total amount of heterogeneity found in the dataset. found no difference in establishment rate between cattle exposed to different 171 infection levels of C. oncophora. The fact that no significant correlation was found 172 between pre-adult mortality and host age confirms previous findings that the 173 resistance to larval establishment appears to be acquired rather than age-174 8 associated (Smith and Archibald, 1968) . Also for adult mortality no correlation 175 with host age was found in the current study. The exact effect of host age on 176 resistance to C. oncophora has yet to be elucidated and contradictory evidence 177 exists in the literature. Both Armour (1989) and Kloosterman et al. (1991) state 178 that the ability to acquire effective immunity against C. oncophora increases with 179 host age. Kloosterman et al. (1991) found a significantly lower worm burden in 180 calves inoculated at 6 months of age compared to calves inoculated at 3 months 181 of age. The worm burden of calves inoculated at 9 months of age, however, was 182 higher compared to that of calves inoculated at 6 months of age, which weakens 183 their statement of age-dependent immunity development. Smith and Archibald 184 (1968) found smaller worms containing fewer eggs in older animals compared to 185 younger animals that had the same level of contact, but both groups showed 186 comparable levels of worm numbers at necropsy. The average hypobiosis factor 187 estimated for C. oncophora was lower than that estimated for O. ostertagi 188 (Verschave et al., 2014) . The analysis did not provide evidence of significant 189 moderator variables related to immunity affecting the entry of C. oncophora into 190 hypobiosis. A fecundity of 1000 to 3000 eggs produced per day per female has 191 been reported for C. oncophora (Hansen and Perry, 1994) , which is comparable 192 with the average estimate of female fecundity found in the current meta-analysis. Table 1 . Equations used for the calculation of selected life history traits of 298 the parasitic phase of Cooperia oncophora using meta-analysis, and the obtained 299 estimates. 
